Objectives: To evaluate rural residents' knowledge, attitudes and practices (KAP) towards antibiotic use in humans and pigs, among individuals with and without backyard pig farms living in Shandong province, China.
Introduction
The United Nations advocates a One Health approach for containing antibiotic resistance, recognizing that human health, animal health and the environment are interlinked, and that efforts must be made across all sectors. 1 A wide range of actions are required, including interventions that can reduce inappropriate and unnecessary use of antibiotics in humans and animals, whilst ensuring that effective antibiotic therapy is available when needed. 2, 3 China was estimated to be the largest global consumer of antibiotics within food animal production in 2010, and the second largest consumer of antibiotics for human use. 4, 5 This widespread use of antibiotics has been associated with high levels of multidrug resistance in bacterial isolates from humans and animals. [6] [7] [8] Efforts have been made to reduce unnecessary and inappropriate antibiotic use in urban healthcare facilities and commercial farms, but interventions are also needed in rural areas where half of the Chinese population live, and where a third of total pig production takes place in small backyard farms typically with fewer than 50 pigs.
9, 10 Examples of antibiotic misuse in human health in these areas include purchasing antibiotics at drugstores without consulting a doctor or pharmacist, and using leftover antibiotics from previous illnesses. 11, 12 Backyard pig farmers do not usually have professional training in rearing pigs; this can lead to misdiagnosis and inappropriate antibiotic use in their animals, which may be more common if veterinarians are also not routinely consulted when pigs become sick.
Designing and contextualizing interventions such as public education campaigns relies on a strong understanding of the determinants of antibiotic use. Within human healthcare, studies have shown that the knowledge, attitudes and practices (KAP) of the general population influence how antibiotics are used, through effects on health-seeking behaviours, expectations placed on prescribers and self-medication habits. [11] [12] [13] There have been few investigations into the KAP of farmers and veterinarians concerning antibiotic use in animals, and most of these studies have been conducted at commercial farms in high-income countries. [14] [15] [16] So far, no studies have explored at the level of individuals if KAP patterns towards antibiotic use in humans are associated with similar KAP patterns towards antibiotic use in animals.
In 2014, Chinese and Swedish researchers formed the SinoSwedish Integrated Multisectoral Partnership for Antibiotic Resistance Containment (IMPACT), a cross-sectoral research programme on antibiotic consumption and resistance in rural Shandong province, China. 17 We report here analyses from the baseline data collection in which we aimed to evaluate rural residents' current KAP towards antibiotic use in humans and pigs, among individuals with and without backyard pig farms. We also sought to explore potential relationships between the KAP of backyard pig farmers towards antibiotic use in pigs and in humans. These results were intended to inform the development of pilot One Health interventions.
Methods

Study design and setting
We conducted a cross-sectional questionnaire study in households in a county in Shandong province, China, in 2015. Shandong province is located in eastern China and had a population of 97.9 million in 2014. Its rural areas are generally similar to other rural areas in eastern China in terms of education, health indicators and per-capita income.
The full study protocol for the IMPACT research programme has previously been published. 18 Participating households were selected using a multistage cluster sampling method in an area in a county, using background data collected by the local Centre for Disease Control and Prevention. A power calculation 18 was used to determine the number of households needed for all components of the IMPACT research programme. In the first stage of selection, 12 of 17 villages with .100 households in each village were selected to maximize: (i) the number of included backyard pig farms; and (ii) villages that had human healthcare clinics. Then, 65 households in each of these 12 villages were selected to produce a total of 780 households. Specifically, in each village up to 35 households with backyard pig farms (defined as containing at least one but not more than 50 pigs) were randomly selected from the background register data. The remaining households needed were selected from all households without backyard pig farms, using a matched sampling method based on the number of household residents.
Questionnaire
The questionnaire was developed by experts in clinical medicine, public health, animal health and the rural Chinese healthcare system. The questionnaire was informed by previous studies, 11, 12, 14, 15, 19, 20 as well as information from four focus group discussions held with residents in other villages in the same region earlier in 2015. The questionnaire (available as Supplementary data at JAC Online) included 95 items, including: sociodemographics; health status; KAP towards antibiotic use in humans and pigs; and antibiotic resistance. Participants who had a backyard pig farm at the time of the study were also asked questions about their KAP towards antibiotic use in their pigs. All participants were asked to show which medicines they were storing in their homes for either human or pig use.
To assess their familiarity with antibiotics, participants were asked to select up to three drugs that they thought were antibiotics from a list of 15 drugs commonly used in human healthcare in the region, which included four antibiotics (amoxicillin, cefalexin, cefradine and erythromycin). Questions on knowledge and attitudes concerning antibiotic use were mostly assessed using three-point scales (agree; disagree; don't know) and expectations for antibiotics in common conditions were assessed using a five-point scale (always needed; usually needed; sometimes needed; never needed; don't know). The questionnaire was developed in English, translated into Mandarin Chinese, piloted in 10 households, revised, and translated back into English.
Data collection
Households were visited between 19 and 26 July 2015, and one resident per household was interviewed by a student. All students were studying master's level human or animal health courses at local collaborating universities. Students attended a training day on interviewing skills, which included practising using the questionnaire tool. Any resident aged 18 years or older was eligible to participate. Those individuals who worked most closely with the pigs were prioritized in households with backyard farms.
Data management and analyses
All questionnaires were collected and cross-checked. Data were doubleentered in Microsoft Access 2007 in simplified Chinese, translated into English, and then analysed using R 3.3.2. Participants were divided into two groups for comparisons on sociodemographics and KAP towards antibiotic use in humans: those who had backyard pig farms either at the time of study or in the previous 5 years (collectively referred to as 'Backyard pig farmers') and 'Other participants'. All antibiotics observed in households were coded according to the Anatomical Therapeutic Chemical classification system and categorized by classes and substances. Descriptive statistics were calculated and comparisons were made using v 2 tests. Multiple logistic regression was used to assess the effect of potential confounding variables. Statistical significance was set at P , 0.05. Additional analyses have been conducted on the baseline data, but are beyond the specific scope of this manuscript, and are not presented here.
Ethics
Informed consent was obtained from all participants. Ethics approval was obtained from the First Affiliated Hospital, College of Medicine, Zhejiang University, China (reference numbers 2015#185 and 2015#283).
Results
Participants
In total, 769 respondents completed the questionnaire. Of these, 271 respondents were from households with backyard pig farms at the time of the study, including 29 farms with .50 pigs. The sociodemographic characteristics of the participants are shown in Table 1 , comparing households with backyard pig farms either at the time of study (n " 271) or in the previous 5 years but not at the time of study (n " 59), with other households (n " 439). The median respondent age was 54 years, and there was a median of two occupants living in each household.
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Most backyard pig farmers had sows and piglets that they grew to slaughter (61%, 164/271). The median number of pigs across all farms was 14, and the median for the 29 farms with .50 pigs was 80 pigs. Backyard pig farmers who had pigs at the time of the study had been raising pigs for a median of 10 years, and 18% (49/271) reported they had had training on raising pigs from professional courses, relatives, neighbours or friends.
Knowledge and attitudes towards antibiotic use in humans
Most participants reported that they did not know what antibiotics are (70%, 542/769), and 63% (487/769) were unable to identify a single antibiotic on the list of medicines shown. Backyard pig farmers were more likely to report knowing what antibiotics are (36% versus 25%, P , 0.001), and were also more likely to correctly identify two or more antibiotics on the list of medicines (31% versus 21%, P " 0.004). In a multiple regression model, participants who were male, aged 54 years, and with a higher education level were more likely to report knowing what antibiotics are and to correctly identify two or more antibiotics on the list of medicines (see Table 2 ); adjusting for these confounders attenuated, but did not fully explain, the differences between backyard pig farmers and other participants. Nearly a fifth of participants (149/769) both self-reported knowing what antibiotics are and correctly identified two or more antibiotics on the list of medicines.
Participants were asked if they thought antibiotics were needed for a selection of common conditions in humans (Table 3) . Backyard pig farmers were more likely than other participants to think that antibiotics were always or usually necessary for infectious conditions (pneumonia, urinary tract infections and a sore throat), but not for non-infectious conditions (diabetes, hypertension). The differences between backyard pig farmers and other residents remained statistically significant for both pneumonia and urinary tract infections after adjusting for differences in age, sex and education (data not shown).
Trust in healthcare professionals and pharmacy staff
The vast majority of participants (88%, 678/769) reported they would trust the village doctor if given medicines for an infection, but a lower proportion of participants said they would trust staff working at a pharmacy (57%, 442/769). Most backyard pig farmers (85%, 230/271) would trust the vet if they were given medicines for an infection in their pigs.
Antibiotic use in pigs and associations with attitudes and practices to antibiotic use in humans
Backyard pig farmers' attitudes and self-reported practices to antibiotic use in pigs are shown in Table 4 .
Backyard pig farmers were more likely than other participants to think that taking antibiotics can prevent a common cold in humans developing into a more severe disease such as pneumonia (36% versus 24%, P , 0.001), and the subgroup of pig farmers who would always or often add antibiotics into pig feed (18%) were even more likely to have this belief (52% versus 32% for pig farmers who would only use antibiotics when their pigs have signs of disease, P , 0.001). Pig farmers who stated that they know when their Antibiotic use in rural China: a One Health survey JAC pigs need medications (77%) were more likely than other pig farmers to expect a doctor to prescribe them antibiotics for a human illness when they feel it is needed (38% versus 24%, P , 0.001).
Purchasing antibiotics for human use and pig use during the previous year
Nearly a third of participants (31%, 238/769) reported that they had bought antibiotics for human use from a pharmacy during the previous year. Among these, 85% (202/238) reported that they did not have a prescription for at least one antibiotic. Thirty percent (82/271) of backyard pig farmers reported that they had bought antibiotics for their pigs without first speaking with a vet in the previous year; these farmers were more likely to have also bought antibiotics for human use at a pharmacy in the previous year than other backyard pig farmers (49% versus 25%, P , 0.001).
Household storage of antibiotics for human use and pig use
Self-reported and observed storage of medicines for human and pig use are shown in Figure 1 . Almost all respondents (92%, 343/372) who reported storing antibiotics for human use over the previous year either had used or planned to use these antibiotics. Forty-two percent of households (321/769) were directly observed to be storing antibiotics for human use, with a median of one antibiotic stored (range one to six). Nearly half of all households were storing anti-inflammatory and analgesic medicines (46%, 357/769) or traditional Chinese medicines (48%, 371/769). The most common classes of antibiotics stored for human use are shown in Table 5 . The three most common antibiotic agents were amoxicillin (present in 139 households), cefalexin (58 households) and cefradine (39 households).
Thirty-one percent of households with backyard pig farms (83/ 271) were observed to be storing at least one antibiotic for pig use at the time of the interview, with a median of two antibiotics stored (range one to nine). Backyard pig farmers were not more likely to have stored antibiotics for human use (43% versus 40%). However, there was a tendency towards higher frequency of storage of antibiotics for human use in the group of farmers who had stored antibiotics for pig use (48% versus 35% for farmers who had not stored antibiotics for pig use, P " 0.06). Pig farmers who thought it was good to store leftover antibiotics for pig use were more likely to have stored antibiotics for pig use (41% versus 20%, P , 0.001) and for human use (47% versus 32%, P , 0.01).
Seventy percent of participants (226/321) from households in which antibiotics for human use were found did not know that the medicines stored were antibiotics. Backyard pig farmers were not more likely than other participants to know that they were storing antibiotics for human use (28% versus 28%).
Knowledge and attitudes concerning antibiotic resistance
Participants were as likely to think that bacteria can become resistant to antibiotics (26%, 201/769) as they were to think that humans or animals can become resistant to antibiotics [29% (220/769) and 27% (210/769), respectively]. Less than a fifth of participants (19%, 145/769) considered their own actions to be important for controlling antibiotic resistance, and there was no difference between backyard pig farmers and other participants. Participants were more likely to think their practices were important if they had both self-reported knowing what antibiotics are and correctly identified two or more antibiotics on the list of medicines (49% versus 12%, P , 0.001).
Discussion
We surveyed rural residents' KAP relating to antibiotics in selected villages in Shandong province, China. As in previous studies in rural China, 11, 12 we found that respondents generally had low levels of knowledge about antibiotics, and that their self-reported attitudes and practices could lead to both overuse and underuse of antibiotics. Furthermore, we identified differences in backyard pig farmers' knowledge compared with other residents, and we found that certain attitudes and practices towards antibiotic use in pigs held Significant P values are shown in bold. 
KAP relating to antibiotic use in humans
Respondents were more likely to think that antibiotics are needed for infectious conditions than for non-infectious conditions, but they did not differentiate between infections caused by bacteria and those caused by viruses. Reports from different rural areas in China have shown that half of all common cold prescriptions may contain antibiotics. 19, 21, 22 This high use of antibiotics for common colds is likely to influence patient expectations, so it is perhaps not surprising that a quarter of respondents in our survey thought that antibiotics were always or usually needed for a common cold, and nearly a third thought that taking antibiotics could prevent a common cold becoming more severe. A similar over-expectation for antibiotics has previously been reported in international studies as well as among residents of other villages in Shandong province, where 36% of adults who were responsible for looking after a child under 7 years old believed that antibiotics were needed when children have a sore throat. 12, 23 It is also important to recognize that patient and caregiver expectations for antibiotics can influence prescriber behaviour, and thus be a driver for antibiotic overuse. 20, 24 We found that respondents engaged in several practices that are likely lead to misuse of antibiotics, such as buying antibiotics at pharmacies without prescriptions. Prescriptions are legally required for obtaining antibiotics from pharmacies for human use in China, but this regulation is incompletely enforced, particularly in rural areas; in another province, 40% of caregivers had bought antibiotics without a prescription in the previous year. 11 Selfreported and observed storage of antibiotics for human use was common in our survey, and at levels similar to those identified in previous studies in Asia. 11, 25 Most antibiotics stored for human use were broad-spectrum antibiotics, and almost all participants either planned to use the antibiotics they had stored, or had already done so. Fixed-pack dispensing is one method that may help reduce the number of leftover antibiotics, but this is not currently practised in China. 25 Overlapping attitudes and practices on antibiotic use in humans and in pigs
We hypothesized that backyard pig farmers might differ from other residents in their patterns of KAP on antibiotic use in humans, due to their practical experience of treating pigs. To the best of our knowledge, no previous study has investigated such a potential connection. We found that backyard pig farmers were more likely to report knowing what an antibiotic is, and to correctly identify antibiotics on a list of medicines commonly used in humans, which suggests that they were more familiar with antibiotics. This difference was not fully explained by adjusting for variations in sociodemographic factors between pig farmers and other participants. Antibiotic use in rural China: a One Health survey
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In addition, backyard pig farmers were more likely to believe that antibiotics are always or usually needed for several infectious conditions in humans, a difference that remained statistically significant after adjusting for potential confounders.
As well as identifying differences between backyard pig farmers and other respondents, we also found that certain attitudes and practices towards medicine use in pigs paralleled backyard pig farmers' attitudes and practices towards medicine use in humans. For example, farmers who reported knowing when their pigs need medicines were more likely to expect a doctor to prescribe them antibiotics when they feel it is needed, and farmers who regularly add antibiotics to pig feed were more likely to believe that antibiotics could have a prophylactic effect in humans (stopping a cold becoming more severe). Similarly, backyard pig farmers who reported buying antibiotics for pigs without speaking with a vet were more likely to report buying antibiotics at a pharmacy for human use, and farmers who believed it was good to store leftover antibiotics for pig use were more likely to be storing antibiotics for human use.
Together, these findings suggest that pig farmers may develop common attitudes towards antibiotic use that translate into similar behavioural patterns when using antibiotics in pigs and for themselves. It is likely that most farmers have greater exposure to using antibiotics in pigs than they do in humans; this exposure may be a more important determinant in shaping attitudes and practices, although our study design did not allow us to quantify or assess this.
Lessons for public educational campaigns
Several of our results are relevant for those developing public educational campaigns to improve antibiotic use in rural China. Participants were much more likely to think their practices important for controlling resistance if they had self-reported knowing what antibiotics are and had identified antibiotics from a list of medicines. This figure (49%) is surprisingly high, given that no campaigns had previously been conducted in the study region. It suggests a willingness for individuals to contribute, but also implies the need for people first to have a basic understanding of what antibiotics are. Residents have very high levels of trust in village doctors, and hence these healthcare providers may be well placed both to provide this information and to share practical examples of how residents can reduce overuse, such as advising them to visit the village doctor when they develop similar symptoms again rather than self-treating with leftover antibiotics. 12 Similarly, the high levels of trust in vets suggest that these individuals could take on a proactive educational role for backyard pig farmers, e.g. advising against using antibiotics as growth promoters. Such an approach would need to take into account potential competing financial interests, e.g. vets profiting from the sales of antibiotics.
Our results also suggest that educational interventions for farmers, which aim to improve antibiotic use in pigs may have some cross-over effect on how farmers use antibiotics when they become ill themselves. Equally, exposure to educational campaigns for human health may affect how farmers use antibiotics for their pigs. It is important to note that what may be less optimal behaviour in one context (storing leftover prescribed antibiotics for humans for later self-treatment) could be quite rational behaviour in another context (due to bulk purchasing, it may be appropriate for farmers to store excess antibiotics for later use in their pigs).
Methodological considerations
Our study has several strengths, including a high participation rate, and interviewing participants in their own homes, which provided a more natural setting and allowed us to observe storage of antibiotics rather than using self-reports with potential reporting bias. Although some individuals may have chosen not to show which medicines they had stored, we have no reason to believe that they would specifically wish to conceal storage of antibiotics. Twentynine households had .50 pigs in a backyard farm at the time of the study; we decided nevertheless to include these households in our analyses because almost all had ,100 pigs and were therefore not large commercial farms, and there were no significant differences in a subgroup analysis. It is possible that some of these farms were in a period of transition (e.g. having many newborn pigs that were due to be sold). Our study is also limited by being conducted at a single timepoint; observed storage of antibiotics may have been different than at other times in the year. We are now monitoring household consumption of antibiotics over an 18 month period within the IMPACT programme. Finally, although the study was conducted in a small number of villages in a single county, we believe our results are mostly transferable to other parts of rural eastern China to which our study region is broadly similar in terms of population sociodemographics and education levels. 26 Furthermore, all rural areas in China are subject to the same healthcare policies regarding antibiotic use, such as the zero markup policy.
Conclusions
We evaluated rural residents' KAP concerning antibiotic use in pigs and humans. We found differences between backyard pig farmers and non-pig farmers, and we observed parallels among pig farmers between their attitudes and behaviours on antibiotic use in pigs and in humans. Our findings reinforce the need for context-adapted multifaceted interventions to improve antibiotic use in humans and pigs, and to provide suggestions for how educational approaches can be targeted. We have used these results to develop and implement pilot One Health interventions in the same region.
